Fifty-three primiparous sows were used to study the effects of a high-energy, fat-supplemented diet on sow lactation and rebreeding performance. Sows received either a low [Lo, 12.5 Mcal metabolizable energy (ME)/d] or high (Hi, 16.0 Mcal ME/d) energy sorghum-soybean diet during a 28-d lactation. At weaning, sows were randomly allotted, within lactation treatments, to a low (lo, 5.54 Meal ME/d) or high (hi, 9.61 Mcal ME/d) energy sorghum-soybean diet until the day of first postweaning estrus. Primiparous sows fed Lo weaned larger (P<.05) litters than sows fed Hi; however, average pig weight was not affected by lactation treatments. Primiparous sows fed Hi had more backfat at weaning (P<.01) than Lo sows. In contrast, sow weight was not affected by dietary treatments. Neither lactation nor rebreeding treatments influenced days to rebreeding; however, an interaction (P<.01) was observed. Mean days from weaning to rebreeding for Lolo, Lohi, Hilo and Hihi sows were 10.0, 7.6, 6.9 and 17.1, respectively. Forty sows were maintained on the same dietary treatments during their second parity. Sows receiving Lo during their second parity farrowed and weaned more (P<.05) pigs than Hi sows. Multiparous sows fed Hi nursed heavier (P<.05) pigs on d 21 of lactation and at weaning compared with Lo sows. Sows fed Hi were heavier (P<.05) and bad more (P<.01) backfat at weaning of their second litter compared to Lo sows. Days to postweaning estrus were not affected by lactation or rebreeding diets. Mean length of the second parity rebreeding interval for Lolo, Lohi, Hilo and Hihi sows was 6.2, 10.2, 7.0 and 10.5 d, respectively. These results suggest that feeding levels during lactation of 12.5 Mcal ME/d or higher supported adequate rebreeding performance. Postweaning feeding levels did not influence days to first estrus. Feeding a high energy diet continuously throughout the lactation and rebreeding phases in primiparous sows may lengthen the postweaning interval to estrus.
Introduction
The profitability of a swine operation is due largely to the efficiency of reproduction achieved in the sow herd. To increase the number of litters produced per sow per year, it is necessary for the sow to return to estrus rapidly after weaning of the pigs. Parity (Rasbech, 1969; Clark et al., 1978) , season (Hurtgen et al., 1980) , breed (Dyck, 1971 s To whom reprint requests should be sent. Received September 23, 1985 . Accepted April 8, 1986 , length of lactation (Svajgr et al., 1974) , suckling intensity (Stevenson and Britt, !981 ) and social interactions (Hemsworth et al., 1982) have all been shown to affect the rebreeding interval. MacLean (1968 MacLean ( , 1969 reported that sows weaned in thin condition displayed a prolonged rebreeding interval. Reese et al. (1982a) reduced lactation weight and backfat losses by increasing the energy density of the sow's lactation diet, which resulted in a shortening of the rebreeding interval. However, the actual daily energy intake of experimental sows was not reported. Brooks and Cole (1972) reduced the number of days to first estrus by increasing postweaning feed intake. Feeding a high energy diet during the lactation and(or) rebreeding phases may hasten the onset of first postweaning estrus.
The objectives of this experiment were to 1) monitor the actual daily feed intake of sows 804 J. Anim. Sci. 1986 .63:804-814 offered differing amounts of dietary energy and 2) determine the effects of increasing daily energy intake during the lactation and rebreeding phases on sow lactation performance and rebreeding interval during the first two parities.
Experimental Procedure
First Parity. Fifty-three confinement-reared crossbred primiparous sows were used to determine the effect of increased dietary energy intake on sow performance. All sows were the result of a four-breed rotational cross involving the Landrace, Hampshire, Yorkshire and Duroc breeds. During their second estrous cycle when gilt s were about 8 mo of age, they were hand-mated when first detected in estrus and then mated again 12 h later to a fertile boar. Throughout gestation, all females received 1.82 kg of a 14% crude protein sorghum-soybean diet (table 1) once daily in individual feeding stalls. On d 109 of gestation, gilts were moved to farrowing crates located in environmentally controlled rooms. The mean daily maximum and minimum temperature in the farrowing room was 30.5 and 26.4 C, respectively. The range of maximum and minimum temperatures was 25.5 to 35 C and 22.2 to 30.5 C, respectively. Timers controlled ceiling-mounted fluorescent light fixtures to supply 16 h of light daily.
On d 110 of gestation, gilts were randomly allotted to treatments and offered either a low (Lo) or high (Hi) energy sorghum-soybean diet (table 1) for the entire 28-d lactation period. The Lo diet was calculated to supply 12.5 Meal metabolizable energy (ME) in 4.09 kg of feed" sow -1 -d -1 . The Hi diet, containing 10% added fat from beef tallow, supplied a calculated 16.0 Mcal ME in 4.54 kg of feed'sow -i'd -1. Each morning before the new day's allotment of feed (Lo, 4.09 kg; Hi, 4.54 kg) was placed in the feeder, remaining feed was removed from the feeder and weighed. This procedure allowed accurate calculation of each sow's daily feed intake. Due to the differences between treatments in the amount of feed offered, nutrient density of the diets was adjusted in an attempt to ensure equal daily intake of protein, vitamins 6 Experimental Flavor USL OMNI contributed by Flavor Corporation of America Division, Agrimerica, Inc., Northbrook, IL 60062. and minerals that met or exceeded NRC (1979) requirements. To encourage feed intake, both lactation diets contained . 1% of a non-nutritive flavoring agent 6 . Feed wastage was minimal.
Sows were weighed when moved to the farrowing room, within 24 h after parturition, 21 d postpartum and at weaning. Ultrasonic backfat depth was determined at a point 60 mm lateral to the dorsal midline opposite the last rib on d 109 of gestation, 21 d postpartum and at weaning. On the day of weaning, each sow was assigned a subjective body condition score on a scale of 1 (thin) to 9 (fat) by three experienced livestock evaluators. Condition scores 1 through 3 reflected sows with little subcutaneous body fat, 4 through 6 described sows in desirable condition, while 7 through 9 represented fat sows.
At parturition, number of pigs farrowed, number of pigs farrowed live and individual pig birth weights were recorded. Within 48 h of parturition, litters were adjusted to eight or more pigs, irrespective of treatment, to minimize litter size variation. Number and weight of individual pigs on d 21 of lactation and at weaning were recorded. Litters did not receive supplemental feed and had minimal access to sow feed. At 21 d postpartum, each sow received an intramuscular injection of 40 IU oxytoein. Manual expression of each mammary gland yielded a composite milk sample totaling 75 ml. Milk samples were analyzed for percent protein by the Kjeldahl procedure (AOAC, 1975) and percent milkfat by the Babcock test (Marth, 1978) .
On the day of weaning, sows were moved to the breeding-gestation building and confined to gestation crates measuring .51 x 1.83 m. Random allotment of sows, within lactation treatments to either a low (lo) or high (hi) energy sorghum-soybean rebreeding diet (table 1), occurred on the day of weaning. The lo diet was formulated to supply 5.54 Mcal ME'sow -1 -d -1 in 1.82 kg of diet, while hi supplied 9.61 Meal ME-sow -1 "d -1 in 2.73 kg of diet. The non-nutritive flavoring agent was added to both rebreeding diets at .1% of the complete feed. Sows received their rebreeding diet from the morning after weaning until the day of first postweaning estrus. Rebreeding diets were formulated to provide equal daily intakes of protein, vitamins and minerals which met or exceeded NRC (1979) recommendations.
Beginning the third day after weaning, each sow was checked daily for estrus in a dirt- dAureomycin-sulfamethazine-penicillin added at 250 g/ton complete feed. eAdded to inhibit oxidative rancidity of fat source.
floored pen by a mature boar. Estrus was defined as the sow's willingness to stand for mating. On the day of first postweaning estrus, sows were hand-mated and weighed. Days to first estrus were recorded. Sows were mated a second time 24 h later. Any female not exhibiting estrus 14 d postweaning was bled via venipuncture of the vena cava (Carle and Dewhirst, 1942) . Blood was allowed to clot and stored at 5 C for 24 h. Serum was harvested by centrifugation at 5 C and stored at -20 C until assayed. Serum samples were assayed for progesterone concentration by radioimmunoassay procedures (Komkov, 1983) . Sows with a serum progesterone level >1 ng/ml were assumed to have functional corpora lutea and therefore experienced a "silent heat." Thirty days postweaning, anestrous females were weighed, scanned for backfat depth and slaughtered. The reproductive tracts were recovered and visually examined for evidence of ovarian activity.
Second Parity. Sows that conceived received Statistical Analysis. The experimental design is presented in figure 1. Data were analyzed by least-squares analysis of variance (Steel and Torrie, 1980) using the procedure for General Linear Models (SAS, 1982 Figure 1 . Experimental design for effect of energy intake on sow lactation and rebreeding performance.
the first lactation. In all cases, the covariate acquired a meaningful proportion (P<.01) of the sums of squares. Lactation and rebreeding diets were the two main effects for analysis of first parity rebreeding data used in the split-plot design (Steel and Torrie, 1980) . At the beginning of the second parity, the experimental design departed from a split-plot arrangement. Therefore, sows were divided into four treatment groups (Lolo, Lohi, Hilo and Hihi) on the basis of lactation and rebreeding diet. Orthogonal contrasts were used to compare lactation diets (Lolo + Lohi vs Hilo + Hihi). Likewise, rebreeding diets were compared using the orthogonal comparison (Lolo + Hilo vs Lohi + Hihi).
Results and Discussion
First Parity. Reese et al. (1982a,b) found a similar reduction of backfat losses as lactation energy intake increased. Sows consuming more daily energy as dietary fat produced milk with a higher (P<.O1) percentage of fat at 21 d of lactation than sows on a lower plane of nutrition. Several researchers have reported that increasing dietary fat consumption increases fat content of the milk (Boyd et al., 1978; Seerley et al., 1978; Coffey et al., 1982 support an adequate level of milk production. One would expect pigs nursing Hi sows to be heavier than pigs nursing Lo sows due to the higher fat content of Hi sows' milk. The higher fat content did not result in heavier pigs (table  2) . Postweaning treatments affected (P<.01) the average daily energy intake from weaning to rebreeding (lo, 5.16 vs hi, 8.45 Mcal ME; SE = .43). This difference was due to the difference in average daily feed intake (1o, 1.69 vs hi, 2.39 kg, SE = .12; P<.01) and the greater energy density of the hi diet.
The postweaning interval to rebreeding was not affected by lactation (P>.lT) or rebreeding (P<.I) treatments. In contrast, a lactation • rebreeding diet interaction (P<.01) was observed for days to postweaning estrus (figure 2). When sows fed the low energy diet (lo) during rebreeding were considered (Lolo and Hilo), the length of the rebreeding interval was reduced (Lolo, 10.0 vs Hilo, 6.9 d) as lactation energy intake increased. In contrast, sows that received the high energy diet (hi) postweaning (Lohi and Hihi) displayed a lengthened rebreeding interval as lactation energy intake increased (Lohi, 7.6 vs Hihi, 17.1 d), resulting in significant directional interaction within rebreeding diets. This interaction suggests that energy intake during the lactation and rebreeding phases are not independent. Varley and Cole (1976) reported no significant effect of lactation feeding level on days to first estrus when sows were weaned 10 d postpartum. However, Reese et al. (1982a,b) demonstrated that increasing energy intake during a 28-d lactation can reduce days to first estrus. Because these two phases seem to be related, the average daily energy intake from d 110 of gestation until rebreeding was calculated (figure 2). Average daily energy intake was influenced by lactation (P<.02) and rebreeding (P<.05) treatments. Average daily energy intake increased as the amount of high energy feed (Hi or hi) offered was increased. The frequency distribution of weaning-torebreeding interval and occurrence of anestrus is presented in table 3. The Lolo sows had the lowest average daily energy intake and backfat at weaning, which resulted in a longer period to first estrus compared with Lohi and Hilo sows. The higher percentage of sows not showing estrus 20 d postweaning (40%) indicates the Lolo sows were in a precarious energy state with regard to rebreeding performance. The Lohi and Hilo sows ate similar daily amounts of ME and, consequently, displayed rebreeding intervals of similar length. The Hihi sows present a problem. One would expect these females to have the shortest rebreeding interval as a result of their greater energy intake. Even though only 13 sows are represented in the Hihi group, the high proportion (69%) that did not show estrus within 20 d postweaning suggests that there may be a detrimental Hihi treatment effect on days to first estrus. Only one of the sows not displaying estrus 14 d postweaning had an elevated serum progesterone concentration, indicating that ovulation had occurred in the absence of behavioral estrus. Nine sows were considered anestrous and slaughtered at 30 d postweaning. Their ovaries displayed few follicles greater than 5 mm in diameter, with many follicles 2 to 4 mm in diameter. No corpora albacantia were present, which indicated that there were no "silent heats" or missed estrous periods. One sow did show estrogen stimulation of the uterus and had 15 follicles greater than 6 mm in diameter. Lodge (1959) and Lodge et al. (1961) reported that sows on an adequate plane of nutrition during an 8-wk lactation experienced greater postweaning weight losses compared with sows restricted to 75% of the recommended feeding level during lactation. The 128.5, 129.7, 134 .9 and 134.1 kg, respectively, SE = 2.80). Consequently, no significant differences in sow weight were observed throughout gestation in the second parity. Elsley et al. (1968) reported that level of feeding in lactation had no effect on weight gains in the subsequent gestation.
Second Parity. Of the 53 sows involved in parity one, nine sows were slaughtered 30 d postweaning and three sows were eliminated after weaning their first litter because of physical injuries. One sow refused to eat after farrowing her second litter and was eliminated from the experiment. Consequently, forty sows were used for the second parity. By d 5 postpartum, most sows were consuming their entire daily allotment (Lo, 4.09 kg vs Hi, 4.54 kg) and continued to do so throughout lactation. The Hi sows consumed more (P<.01) feed and energy daily during lactation when compared with Lo sows (table 4) . The significant differences in daily feed and energy intake were due to the design of the experiment. Sows consuming the Hi diet were heavier on d 21 of lactation (P<.02) and at weaning (P<.01) than Lo sows. The Hi sows had more last rib backfat o.n d 109 of gestation (P<.05), d 21 of lactation (P<.01) and at weaning (P<.01) when compared with Lo sows. Sows receiving Lo during lactation had a lower (P<.01) average subjective condition score at weaning compared with sows on the Hi diet (3.4 vs 4.4, respectively; SE = .33). Mean lactation length was 29.2 d (SE = 1.1). Increasing energy intake during lactation has been shown by many researchers to reduce sow weight (Hitehcock et al., 1971; King and Williams, 1984) and backfat (O'Grady et al., 1975; Reese et al., 1982a,b) Grady et al. (1973) reported a positive correlation between sow energy intake and 21-d pig weights. First parity rebreeding diets had no effect (I?<.09) on any of the litter traits measured.
Due to the design of the experiment, hi sows consumed more (P<.01) daily feed (2.71 vs 1.78 kg; SE = .08) and energy (9.58 vs 5.46 Mcal ME; SE = .26) during the rebreeding interval than lo sows. However, days to rebreeding were not influenced (P>.19) by this difference in rebreeding energy intake (hi, 10.4 vs lo, 6.6 d; SE = 2.87). Brooks et al. (1975) and Tribble and Orr (1982) found that increasing the postweaning feeding level did not reduce the length of the rebreeding interval.
Days to rebreeding and average daily energy intake from d 110 of gestation to rebreeding are presented in figure 3. Lactation energy Reese et al. (1982a,b) reported a significant reduction in the postweaning interval when they compared sows fed 8 Mcal ME/d during lactation with sows fed 16 Mcal ME/d. King and Williams (1984) found similar results when they compared restricted fed sows (5.96 Mcal ME/d) with ad libitum fed sows (13.32 Mcal ME/d) during lactation. In both of these studies, lactation energy levels well below recommendations were compared with adequate or excessive energy levels, thus magnifying the effects of the dietary energy offered on rebreeding performance. Sows on the low plane of nutrition were in a negative energy balance. In both these studies, actual daily feed intakes were not reported. In the study reported herein, the recommended lactation energy intake for lactating sows (12 Meal ME/d)was compared with an energy level in excess of recommendations (16 Meal ME/d). No significant effect of lactation energy intake was observed; therefore, both feeding levels were adequate with regard to sow rebreeding performance. Postweaning weight loss was not affected by lactation or rebreeding (lo, 9.24 vs hi, 5.83 kg, SE = 1.91; P<.09) treatments. Because postweaning weight loss was similar across treatments, Hi sows, which were heavier at weaning, also were heavier (P<.01) at subsequent breeding compared with Lo sows (156.3 vs 141.1 kg, respectively; SE = 4.58).
The frequency distribution of weaning-torebreeding intervals and occurrence of anestrus are presented in In conclusion, increasing energy intake during lactation from 12.5 to 16 Mcal ME/d reduced sow weight and(or) backfat losses. However, the additional energy represented in the 16 Mcal ME diet did not reduce the length of the rebreeding interval, indicating that 12.5 Mcal ME/d will support acceptable rebreeding performance. Increasing energy intake during the short period from weaning to rebreeding did not affect the length from weaning to estrus.
When considered separately, neither lactation nor rebreeding diets had a significant effect on the length of the rebreeding interval. However, due to the significant interaction between lactation and rebreeding diets in the first parity, phases of the reproductive cycle are not independent. Consequently, feeding levels in one phase of the primiparous sow's reproductive cycle may influence her future performance. Feeding primiparous sows a high energy diet during either the lactation or rebreeding phase may decrease days to first postweaning estrus when compared with feeding a high energy diet continuously throughout lactation and rebreeding.
